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REPRODUCES ÄT'GOVORNMBNT EXP&itg 

WATBKTOVN ARSfflAL LABORATORY 

Memorandum Report No. WAL 710/617 

Third Partial Report on Problem B-g.2 

2k April I9W 

Resistance of a Light Oaurs Mn-Mp Tyne 

Steal to Perforation hv  Standard Cal. M Ball /.aiminltlon 

and by Fragment-Simulating Cal. .2? Projectile. 0-2 

\   1.  In accordance with a request fron the Office, Chief of Ordnance*. 
JL program of development of imrovpd body armor components is in progress I 
at this arsenal.\ In conjunction with this program tests have recently 
been conducted on] easnles of a ''01-M0 type steel manufactured by Jone« and 
Laughlin Steel Corporation and heat treated by Breese Corporations, Inc. 

2. These samples of manganese-molybdenum type steel showed greater 
resistance to both.types of. projectiles in thet*M-quenched" condition than 
as tempered ac 600°F.. 700*r. or SOO**. In comparison rrith Hadfleld manganese 

>n,i     steel of the quality currently rocurable und*r Specification AX&.1170, the 
I ballistic limit of the best samples of this steel (as-quenched) is about 
equivalent under im^ct of "Hr.ndnrd cal. .U5 ball ammunition, only in the 
.059® ^au*:e, but la appreciably inferior under imnact of the more significant 
cal/.22 fragmant-simulatin,0: ro.lectile 0-2 in all gauges. 

\ 
3. Samples of this steel, as quenched, and as tempered for 1 hour at 

600°*., at 700°'. and at 800°* were received in nominal gauge« .030', .OUo" 
and .050*. From the 2U" x 36" samples received, sections 12" x 12" were 
cut and tested, clammed riridly to a wooden ballistic frame, with standard 
cal. .U5 ball ammunition and with projectile 0-2 (cal. ,22, 17 grain«) 
developed at this arsenal.2 The results of these tests appear in Table I. 

1*.  The ballistic limits of the .030" sample« under impact of standard 
cal« .U5 ball ammunition were no low that complete tests were not run, since 
resultant velocities c»nnot b« veil controlled in this ran/:e. Under impact of 
rojeotile 0-2, the "a« quenched" s ecinen had an a <reclably higher ballistic 

limit (830 foet-per-second) than any of the other three specimens (775, 785 
and 750 fe^t-per-second). 

1. 0.0. k>2.3/71(c) - Wtn l»70.5/7^3(c) dated 28 September 191*3. 

2. VAL Kenormdum Report K0. 762/253(0). 
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5,  The ballistic limit of the .0»K)" "as quenohed" sample under impaot 
of the o«l. .^5 projectile (699 feet-per-eecond) wae considerably greater 
than those of the other specimens {kSk,  less-than-»409 *nd U59 feet-per-second) 
but it much inferior to that of Hadfield manganese steel' currently procurable 
under Srecification AXS-H70 (900 feet-per-seoond). Under impact of the 
fragment-simulating cal. .22 ro.lnctlle 0-2, however, although the ballistic 
limit of the "as quenched" specimen (1375 feet-per-second) is still much 
higher than that of the other 0: ecimens (IIO5, 1050 and 1055 feet-per-second), 
it is considerably inferior to that of average quality Hadfleld manganese 
steel (l600 feet-per-second). 

6.  In the .050" pauge ranre, sample GT-3. tempered for 1 hour at 700°*., 
exhibited resistance ch(rr.cteristics equlvelent to the "ai quenched" samples 
under both types of projectile impaot. The resistance of both samples to 
perforation by standard cnl. .^5 ^11 ammunition compared vory favorably with 
average Hadfleld manganese steel. Under impact of projectile 0.2, all four 
samples had ballistic limits in excess of that of average Hadfleld manganese 
steel. In the interests of accurate interpretation of these results, however, 
it should be pointed out that the considered limits of the Hadfleld type 
steel are averages of mn-of-the-mill stock and that higher limits have bean 
attained in development testa conducted here. 

7*  The tendency for the ballistic performance of the heavier-gauge 
(.050") Mn-Ho type steel to approach and surpass that »f the Hadfleld type 
is consistent with the viewpoint that as the gauge increases (and the limit 
velocity likewise increases) the absolute deformability, prior to failure, 
of the Hadfleld steal, fron which nuch of its superiority to other steels 
emanates, will decrease, and simultaneously, the ballistic advantage attendant 
deformability will decrease (because of tho shorter time consumed In perfora- 
tion). Thus, the influent« of tensile strength may be expected to become 
more Important and that of luctility to become less important ae the gauge 
increases. 

8.  The narkpi superiority of the "as quenched" samples in the lighter 
gauges seems hardly attributable entirely to the mere difference in hardness 
of the sanrlee. It 1B suspected that the other samples have suffered an 
embrittleaent somehow attributable to the tempering operation. 

9.  On the basis of these tests, development of this <n-Ko tyoe steel 
in the .050" /tauge ran re i-. to he  encouraged and further experimentation 
toward tempering this stool wlth.mt eabrlttling It is indicated. 

AFHOTSDI 

I. A. KaRHBfS 
Hejor, 0*d. Dept, 
Chief, Armor Section 

6 2f. UJUU^~^ 
1 or 

J. f. SULLITA3 
Jr. engineer 
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